Introduction
The Lawrence Livermore Laboratory has completed construction of the Rotating Target Neutron Source -II (RTNS-II) Facility. These sources, built and operated for the Office of Fusion Energy of the Department of Energy, will be operated by LLL as a national facility for the study of materials damage processes induced by 14-MeVMeutrons. Design strength of the sources i 4 x 101 n/s with a maximum flux of 1 x 10'" n/cm s.
The 400 keV, 150 mA D+ accelerators and 5000 rpm titanium-tritide target assemblies were built using experience gained with LLL's RTNS-I neutron sourcel. The RTNS-I source, producing 6 x 1012 n/s, is currently the most intense 14-MeV source available. RTNS-I has been used for fusion reactor materials studies for the past six years. The experimental program for the new sources will be oriented toward fundamental measurements of high energy neutron-induced effects. The data produced will be used to develop models of damage processes to help guide materials selection for future fusion reactors.
Fusion Reactor Materials Problems
For any of the presently proposed fusion reactor concepts (either magnetic or inertial confinement), the 14-MeV neutron flux incident upon the inner wall of the reactor vessel will be of the order of 10'4 n/cm2s. Although this flux is much lower than t at typical of fission power reactors (1-3 x 1015 n/cm4s), the average energy of fission reactor neutrons is so much lower (<I MeV even for fast breeders) that the damage resulting from 14-MeV neutron-induced events may be significantly greater. This possibility results from the greater energy of nuclear recoils from collisions with 14-MeV neutrons and from the difference in ratio of nuclear transmutations to nuclear recoils in the two cases. For these reasons, the prediction of materials performance in fusion reactors from the large amount of data available from fission reactors cannot be confidently made. The 5000 rpm target and the experimental package for irradiation are placed on a separate cart that can be placed in the target room by a remote handling system. Connections are made automatically to join the target assembly vacuum system to the beam transport cart and to provide utility, signal, and control service to the experiment mounted behind the target. A prototype of the target cart with a 50 cm diameter 5000 rpm target mounted is shown in Figure 3 . The carts now in use at RTNS-II can support an experimental package 2m long by 1 
Experimental Program
Experiments to be done at the RTNS-II facility fall into three catagories: those which are part of the program of the Materials and Radiation Effects Branch of the Office of Fusion Energy4 (the funding agency for RTNS-II), experiments which are fusion-related but not part of the above program, and possible experiments not related to the fusion program directly. Examples of each of these will be given. The steps through which a prospective experimenter should go to field an irradiation experiment at RTNS-II are described in the Experimenters' Guide for the facility5.
Materials and Radiation Effects Program
The Materials and Radiation Effects Branch of the Office of Fusion Energy is responsible for providing the data base necessary to select materials for demonstration fusion power reactors. Much of the program is directed toward problems of the first wall, where the environment is most severe and fission reactor experience is of least help. Of particular concern is the aggravation of materials problems by the thermal cycling expected in tokamak reactors. A detailed program for use of the RTNS-II facility by this program has been prepared. This program is organized into four areas: alloy development, damage analysis and fundamental studies, plasma-materials interaction, and special purpose materials. The alloy development work is oriented primarily toward development of improved materials for 1242 first walls; engineering test for this effort require fluences greater than RTNS-II can deliver. The damage models produced from fundamental studies done with RTNS-II will be used to guide extrapolation to fusion reactor of alloy development results obtained in fission reactors.
Fundamental experiments will examine the temperature dependence of damage processes, irradiating specimens at cryogenic temperatures, room temperature, and elevated temperatures (up to 0.6 of the melting temperature). Damage will be measured by in situ measurements of creep, stress relaxation and resistivity in addition to post-irradiation measurements of mechanical properties, and microscopic examinations such as transmission electron microscopy. Post-irradiation annealing cycles to study defeat stability will also be performed. These experiments require that irradiations be performed at controlled temperatures and that the damage rate, hence neutron flux, be constant.
An experiment which bridges the gap between fundamental studies and special purpose materials is the irradiation of superconductors. Irradiation of NbTi samples at liquid He temperature on the RTNS-I source has shown a decrease in critical current of the superconductor which is consistent with that predicted from fission reactor experiments. With RTNS-II these measurements can be extended to the fluence which the superconductor will get at end of lifetime in a fusion reactor. These measurements are done in situ; the crit- Several experiments were done on RTNS-I to measure neutron-induced sputtering from material surfaces7. At present, it is thought that ion bombardment of inner surfaces will dominate any neutron-driven processes. However, other neutron effects on surfaces may require investigation. An experiment has been proposed8 in which samples of the vacuum wall of the TFTR experiment (304 stainless steel) ill be irradiated to lifetime fluence (1017-1018n/cm ) with 14-MeV neutrons and then examined by techniques such as hydrogen isotope profiling to determine whether the gas retention coefficient of the surface has been changed. Gas retention and release from inner surfaces are important to the fusion program both from the standpoint of total tritium inventory on the walls of experiments and reactors and outgassing which could affect neutral beam transport and exchange of cold gas with the hot plasma.
Fusion-related Experiments
Measurements not funded by the OFE materials program but related to the fusion effort will also be carried out at RTNS-II. The first experiment to be done when neutrons are produced will be the irradiation to end of life fluence of samples of silica9 of the type selected for optical diagnostic ports on the TFTR experiment at the Princeton Plasma Physics Laboratory. Postirradiation analysis will determine the modification of refractive index resulting from neutron exposure.
Nuclear cross sections for (n,p) and (n,a) reactions have been measured down to charged particle energies ofu IMeV at RTNS-I using a magnetic quadrupQle spectrometer and charged particle time-of-flight 0. These measurements have produced total gas production cross sections where little data was previously available. Funding has been provided by the Division of Basic Energy Sciences to support creation of a nuclear data base for fusion materials work. These experiments will move to RTNS-II Neutron spectrometers for magnetic fusion experiments are difficult to construct because the long pulse lengths of magnetic devices do not allow one to use time-of-flight techniques to separate neutron energies. Fxnprirnents to investigate the spatial and energy resolution possible with small scintillator-collimator combination have been done at RTNS-II. Futher developmental work on neutron diagnostics is planned at RTNS-II.
Fusion experiments which may use the ion beams from the RTNS-II accelerators include tests of direct converters to recover energy from plasma leaking from reactors and from charged particle beams magnetically swept out of neutral injector beam lines. Ion currents are large enough to allow measurement of erosion yields by mass removal techniques. Over the 100 keV to 400 keV range ion currents of 10-100 mA of H+, H+, D+, and D2 can be delivered to a target. Operation with He+ beams is also possible but has not been investigated.
Non-fusion Experiments
As the irradiation schedule permits, the neutron sources can be used for work unrelated to the fusion program. Likely experiments are dosimetry development, tissue and small animal irradiations, and collimator studies for neutron cancer therapy. Although the RTNS-II facility was not designed to be suitable for human cancer therapy studies, the equipment built for the project could be adapted for that purpose. Based on experience gained with RTNS-II, a neutron source capable of producing 80 rads/min at a source-to-skin-distance of 125 cm could be built for approximately a million doll-1243
rNl. Although the facility is not equipped for nuclear physics research at present, control room space and trunk lines for nuclear electronics have been provided and penetrations for radiochemistry rabit systems are in place.
Concl us ion
The RTNS-II Facility at Livermore is now complete and in final debug operation before production of neutrons begins. The research program of the facility is presently strongly oriented toward providing fundamental information to guide materials selection for fusion reactors. As the schedule and needs of the fusion program change, this emphasis can be expected to change. A variety of applied and basic investigations in radiation damage and effects are possible in addition to the base program.
